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A SOLAR-HYDROGEN ENERGY CONVERSION SCHEME FOR AGRICULTURAL USE
R. L. Reisbig, J. L. Boone, G. E. Weiss, T. Van Doren
Engineering Research Laboratory 
University of Missouri-Rolla 
Rolla, Missouri 65401
ABSTRACT
A solar energy activated system is presented which 
can produce hydrogen and hydrogen-derived fuels 
(methanol) for use on farms. The device, named "solar- 
kine", also can produce fertilizer (anhydrous amnonia) 
as a byproduct of the hydrogen. A cost analysis shows 
that solar-kine may be mass-producable and sold to 
farmers for between $7,200 and $14,700. This is 
equivalent to giving the fanner energy at a price of 
$1.79 to $3.66 per million BTU's (in 1974 dollars). 
Presently (Spring, 1974) regular gasoline used in 
tractors at 43$ per gallon, represents a cost to the 
farmer of $3.77 per million BTU's. As oil-based fuels 
increase in price in the next few years, solar-kine 
may represent a reasonable alternative to keep food 
prices down.
The solar-kine system uses concentrated solar 
energy which can be converted into a high-density 
electric current by means of a thermionic heat engine. 
The rejected heat and electric current from the 
thermionic converter is supplied to an electrolysis 
cell which, in turn, produces hydrogen and oxygen gas. 
Chemical process equipment will use the hydrogen and 
oxygen to produce a methanol (CH30H) fuel supply for 
internal combustion engines used on farm machines.
The hydrogen can also be used to manufacture ammonia, 
ammonium nitrate (NH4NO3), and ammonium sulfate 
[(NH^^SO^)] fertilizers. The following materials 
can be produced which are useful to the farmer:
a) hydrogen gas, b) oxygen gas, c) liquid tractor 
fuel, d) fertilizer, e) ammonia, f) electricity, and 
e) heat energy.
We feel that any unconventional energy system, 
such as solar-kine, must interface and serve the 
conventional use of fuel energy if it is to have 
lasting merits. This is why we feel that it is 
desirable to have the complete conversion of solar 
energy into a liquid fuel that is safe to handle and 
store, and which also can be used in any conventional 
fossil-fuel burning system with minimum modifications.
Solar energy is compatible with our environment; 
it is free, and its supply cannot be exhausted. It is 
also available at any geographic location without 
requiring transportation to the user's site (See Fig.
2). Its major advantage over fossil fuel comes from 
the fact that it does not add any net heat content to 
the earth [5,6].
A small on-site energy system is best for the 
farmer because,
a) It can be mass produced at 106 or more, units 
per year,
b) Power levels needed by farms are low, 100-500 
KW,
c) Farm energy is used over a large geographical
area,
d) The main source of energy (the sun) is every­
where available,
e) Heat rejected from the heat engine (thermionic) 
is used in other portions of the system to increase 
overall efficiency, and may be used in part to heat 
buildings.
f) The farmer would be energy-independent from the 
price and supply undulations of the industrial complex,
g) Legal considerations which regulate the large 
energy distribution systems would not apply, or affect, 
the proposed system as used by the farmer,
h) Last, and possibly most important, the farmer 
would have a dependable fuel supply at the lowest 
possible cost. In the future, the proposed system will 
supply energy at a cost much lower than petroleum-derived 
energy.
THE SOLAR-HYDROGEN AGRICULTURAL ENERGY SYSTEM
Figure 3 shows a schematic diagram of the major 
subsystems in solar-kine that will be required to make 
solar energy available to the farmer.
The subsystems are discussed in the order that the 
energy flows through the system solar collectors, 
thermionic heat engine, hydrogen electrolysis cell, and 
chemical processing equipment.
Solar Collectors and Heat Transfer Equipment
The solar collector and concentrator subsystem is 
a major cost item in Solar-Kine. The 100 KW unit will 
require 171 to 200 square meters of collection area, 
depending on the collection efficiency one may expect. 
These numbers are based on an assumed collection time 
of 1200 hours per year (2 0 0 days at 6 hours per day). 
Missouri receives an average of 2,000 sun-hours per 
year.
Meinel and Meinel [1] indicate that collector 
extraction efficiencies in the range from 80 to 90 
percent should be possible. An analysis by Pope and 
Shimmel [8 ], as well as Kreith [9], indicate that at
1 ,0 0 0  to 1 concentration, and absorber temperatures 
near 2 ,000°K, the combined efficiency of the mirror 
and absorber may be about 60 percent. Some early 
experimental work is reported by Gilleter, et al. [9], 
who produced and tested a 3 ft. diameter mirror which 
showed that at a 1,500 to 1 concentration, the overall 
efficiency was 62 percent. Based on work 1n the early 
1960's, McClelland [10] reported that collectors 
weighing 0.3 lb/ft2 and having efficiencies of 70 
percent at absorber temperatures of 1700°C was possible 
at that time.
It was recently reported [11] that the parabolic 
concentrator design has many attractive manufacturing 
cost factors and may be the only practical design for 
high concentration ratios. This report [11] gives 
preliminary cost estimates for the capital cost of $40 
per m2 for the concentrator shell and lining, support 
structure, control and sensors and drive, and installation
Thermionic Converters
One of the most important components of this proposed 
solar energy conversion system is the thermionic conver­
ter. In considering the use of thermionic converters, 
it must be realized that efficient conversion of solar 
energy into electrical energy requires high temperatures,
i.e., in excess of 2,000°K. Thus, the converter must 
operate in conjunction with a solar concentrator which
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has a concentration ratio of the order of 10 to 1. 
Fortunately, thermionic converters have received a 
great deal of attention relative to their use in space 
applications since about 1956 [12]. In the period of 
1958-60, Hernquist [13,14] and his colleagues at RCA, 
designed and constructed a solar thermionic converter 
system which delivered 6 watts at 6% efficiency. The 
electrical power density for this device was approxi­
mately 19 watts/cm2. The converter in this system was 
a glass envelope device which was designed in a fashion 
similar to that used in vacuum tubes.
In subsequent years, a large number of research­
ers [15] have steadily improved the performance of 
thermionic converters by introducing many innovations 
in the design, types of materials and quality of 
materials.
The introduction of chemical vapor deposited [16] 
cathodes and anodes has greatly increased the power 
output and lifetimes of thermionic converters. In 
1970, Clemot [17] et al . reported on the test results 
of a Cesium-seeded device which had a measured 
efficiency of 12.5% with an output of 7.5w/cm2. The 
device operated continuously with no degradation in 
output for 6300 hours; it finally failed after 9,000 
hours. This and other experimental evidence indicates 
that devices can be constructed which will function 
for three or four years in a solar conversion system.
Further, there is every reason to assume that more 
efficient devices will be constructed in the future. 
Since the thermionic converter is basically a heat 
engine, its efficiency is Carnot cycle limited and 
estimates [16] have been made that one can reasonably 
expect to eventually construct devices which have 
35-40% electrical efficiency. Hotsopoulos [16] et al. 
have already demonstrated efficiencies in excess of 
20% with power densities in excess of 20 w/cm2.
The purpose of the preceding discussion is to 
point out that the technology of thermionic converters 
has progressed to the point that they can be utilized 
economically in our system. It has been demonstrated 
that a terrestrial-based system utilizing parabolic 
reflectors can provide sufficient energy to heat the 
thermionic emitter to 2000°K with 103 concentration 
ratios. This would indicate a heat flux of approxi­
mately 100 watts/cm2 at the emitter. Existing 
thermionic converters can easily handle these power 
levels.
The system we are proposing to design and 
construct will require the focusing of the sunlight 
upon a black body adsorber which is attached to the 
emitter of the thermionic converters. A similar 
system has been proposed by Martini [18,19] for use in 
fossil-fuel fired converters.
Hydrogen Generation by Water Electrolysis
The low voltage-high current characteristics of 
thermionic converters are well matched to the power 
input requirements of water electrolyzers.
Currently available industrial electrolyzers with 
lifetimes in excess of 20 years, can produce 99.8% 
pure hydrogen at 200 atmospheres and 84% efficiency, 
using current densities of 1500 a/m2 at 2.0 v per cell. 
The ability to operate at high pressures increases the 
cell efficiency while simultaneously eliminating the 
need for compressors. An electrolyzer capable of 
storing energy in the form of hydrogen at the rate of 
100 KW would occupy less than 2 m3.
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The detailed reactions occurring at electrolyte- 
electrode interfaces are not fully known. For the 
electrolysis of water in alkaline solutions, the 
overall chemical reactions occurring at the two 
electrodes are:
2H20 + 2e~ - H2 + 20H” (Cathode)
40H~ - 2H20 + 02 + 4e~ (Anode)
The equilibrium cell voltage at standard temperature 
and pressure is 1.229V. The standard change in free 
enthalpy for the combined reactions is -56,690 
cal/mole.
The electrolyte usually consist of 15-25% NaOH or 
25-35% K0H solution. Acidic electrolytes are normally 
not used because of corrosion problems. Electrodes and 
catalysts are chosen to minimize each half-cell over­
potential. Iron is used as the cathode electrode 
because of its low hydrogen over-voltage, low cost and 
mechanical properties. Nickel-plated steel is used as 
the low overvoltage anode because nickel becomes 
resistant to chemical attack by nascent oxygen. Operation 
at increased pressure improves the efficiency by reducing 
the gas bubble size at the electrodes, thus reducing 
the overpotential. Increased temperature improves the 
electrolyte mixing.
Industrial cells of the unipolar tank and bipolar 
filter-press type have been in operation since the turn 
of the century [20,21]. Filter-press cells typically 
operate at current densities of 1500 a/m2 and terminal 
voltages of 2.0-2.5 volts. Cells can be operated from 
60°C and atmospheric pressure to 95°C and 200 atmos­
pheres. The energy requirement at rated capacity and 
atmospheric pressure is typically 4.0 KWH/m3 of hydrogen 
at STP. This corresponds to an energy conversion 
efficiency of 74%. Currently available pressurized 
electrolyzers operate at 84% efficiency.
A developmental water electrolysis process uses 
porous nickel electrodes separated by a thin asbestos 
matrix that contains an aqueous K0H electrolyte. The 
operating current density and voltage are 8 ,0 0 0  a/m2 
and 2.0 v with an overall efficiency of 83%.
CONCLUSION
In conclusion, we feel that the technology base 
exists which would allow the design and fabrication of 
the system present here. The system will be economically 
competitive with existing energy production methods 
(See Fig. 4) and will have the added advantage of being 
located "down on the farm."
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FIG. 3. Solar Hydrogen Production Syster.
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